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We discuss tlie sensitivity of the e+e^ W'^W" cross section at a 
future e'*'e~ collider -with = SOOGeV to the non-decoupling effects 
of a techni-p like vector resonance. The non-decoupling effects are 
^>f-^ ■ parametrized by the chiral coefficients of the electro'weak chiral per- 

turbation theory. We define renormalization scale independent chiral 
. coefficients by subtracting the Standard Model loop contributions. We 

also estimate the size of the decoupling effects of the techni-p reso- 
nance by using a phenomenological Lagrangian including the vector 



' resonance. 

(D . 1 Introduction 

Chiral perturbation theory was originally introduced as a systematic field theoretical 
^ ■ method to parametrize lo'w energy pion physics and is given by a systematic expan- 

sion of chiral Lagrangian in powers of derivatives and a consistent loop expansioni'i. 
It constructs the most general low energy pion scattering amplitude parametrized 
by chiral coefficients. The sizes of these chiral coefficients are known to be saturated 
by the effects of heavier resonances!, i.e., p, oi, a, etc.. 

If a new particle does not exist below the collider energy, then we can use the 
same technique for the electroweak Higgs sectoiSi'i. The electroweak chiral La- 
grangian parametrizes the most general form of the non-decoupling effects in the 
Higgs sector. Electroweak chiral coefficients which are larger than the Standard 
Model (SM) predictions might be a signal of the existence of TeV scale new reso- 
nance states. 
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So far, the sensitivity to these chiral coefficients at a future e'^e~ hnear colhders 
has been discussed in their tree level definition especially for the triple gauge boson 
verticesi. 

In this talk we discuss the sensitivity to a techni-p like resonance at a future 
e^e~ collider with ^/s = SOOGeV from the measurement of the electroweak chiral 
coefficients obtained from the W~^W~ cross section. For such a purpose, we need to 
distinguish new physics from the SM loop effects. We thus define renormalization 
scale independent chiral coefficients by subtracting the SM loop contributions. We 
calculate the sensitivity in a two dimensional plane of the triple gauge boson vertex 
and the gauge boson two point functions, since techni-p contributes to both of them. 
We find the measurement of the chiral coefficients at the future e^e~ collider with 
^/s = SOOGeV is sensitive to a TeV scale techni-p like resonance, even though it 
cannot be observed directly. 

We also emphasize that, unlike the previous studiesH'B, we do not use the equiv- 
alence theorem. The effects of the one loop chiral logarithms can be taken into 
account in our definition of the chiral coefficients. We can thus improve the previ- 
ous calculation^ based on the tree level BESS modelll3. 

We also discuss the size of decoupling effects for the case of the relatively hght 
techni-p resonance. 



2 The electroweak chiral Lagrangian 

We first review the chiral Lagrangian approach to electroweak symmetry breaking. 
The chiral Lagrangian is constructed from the non-linearly realized chiral field U 

f/ = exp(^), U^gLUgU (1) 

where gi and gy are 

gL = exp (tY^l) e SU{2)l, gy = exp (^z^^yj G f/(l)y, (2) 

with w°' are the would-be Nambu-Goldstone fields and v ^ 250GeV is the vacuum 
expectation value. 

The chiral Lagrangian can be expanded in terms of the chiral dimension, i.e., the 
number of derivatives. We consider here operators through 0(9^), since coefficients 
of higher dimensional operators are suppressed by the mass scale of new particles. 

The electroweak chiral Lagrangian at 0{d^) is given by 

2 2 

A = -^tr{V,Vn + A^tr(\/^r)tr(V^T), (3) 
where and T are given by 

V^ = D,,U-W, T = Ut^U\ D^U = d^U + tg2W;^U-tgYB,,U^. (4) 
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The chiral coefficient jSi corresponds to the p parameter p — l = Ap^2/?i. 

Assuming CP invariance in the Higgs sector, we find eleven independent oper- 
ators at the 0{d^) level. We follow the notation of Appelquist and WuElS: 

A = aig2gYtT{W^''UB^M^) + ia2gYtT{U^K, V,]UBn + tCi^92tr{[V^, K]W^^) 
+«4tr(V;K)tr(\/^\/'^) + «5tr(V;\/'^)tr(KV^') 
+a6tr(V;,K)tr(TF^)tr(TV'^) + a^iI{y^V^')iI{TV^)iI{TV'') 

+ -^asglii{TW,,,)ii{TW^'') + ^«9^2tr(TW^,)tr(^[y^ y^) 

+ ^aiotr(TF^)tr(Ty^)tr(TK)tr(Tl^'^) + an^72e^"''^tr(TV;)tr(KWpA), (5) 

with eoi23 = — e°^^'^ = 1. The operators cti and ctg lead to non- minimal two 
points gauge boson vertices and correspond to 5 ~ — 167rai and U ^ — lOvrag 
parameterslS, respectively. The operators 0:4=1,2,3,8,9,11 correspond to anomalous 
triple gauge vertices which we will investigate in this talk. 04=3^,5,6,7,8,9,11 corre- 
spond to non-minimal quadruple gauge vertices!^. We also note that the operators 
Oi=6, 7,8,9,10,11 violate the custodial symmetry, and thus the sizes of these coefficients 
are expected to be smaller than the others. 

One loop diagrams of the 0(9^) Lagrangian of Eq.(^ also contribute to the 
0(9^) amplitudes. The logarithmic divergences of these diagrams are absorbed by 
redefinitions of the 0{d^) chiral coefficients 

"i (6) 

with being renormalized at the scale p. We follow the renormalization scheme 

of Gasser and LeutwyleiS. 

We define renormalization scale independent chiral coefficients by subtracting 
the SM contribution, 

= a[(/i) -a[gM(p). (7) 

Calculating the matching condition of the chiral perturbation theory and the one 
doublet Hiegs model at -C M^, we obtain the SM contributions to the chiral 
coefficientsH; 

"Ism(/^) = -Y^(^ 
'^2,sm(A'') = o^s.smI/^) = 24(47r)2 

We note here that the Higgs mass, Mn-, is introduced as an artificial parameter for 
the definition of the renormalization scale invariant chiral coefficients. 
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(9) 
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3 Form factors 



M{e-e- ^ //) = + ' ' l?" L ' ■ (10) 



The e^e^ W^W~ process is sensitive both to the gauge boson two point func- 
tions and to the triple gauge boson vertices. We first consider the e"'"e^ f f 
process to clarify the structure of the gauge boson two point functions. 

The amplitude of the e~^e~ — > // process with oblique correction is given bylll 

2QQ' el {I^-slQ){r,-slQ') 
' -P^ slcl -p2 + Mi 

where el{p^), s'lijP') and Mi(p^) are functions of momentum. 

The power type running of dimensionless functions c and s^, is suppressed by 
the mass scale of the new particles. On the other hand, Mf^ can have power type 
running (a non-decoupling effect). We also note that the logarithmic running of 
these functions (e*, s*, Mz*) is determined solely from their imaginary parts via 
dispersion relations. We can thus determine the whole structure of these functions 
below the threshold of new particles: 



MUp')=MUp%m - ^(P^ - M|)ai, (11) 

sl{p') = sl{p%u. (12) 
e'(p') = e^(p')sM, (13) 

where the SM form factors Mi(]9^)sM, s^(p^)sM and e^(p^)sM are calculated using 
{Mz,e^,{Mz),s^:{Mz)) as a set of input parameters.^] It should be noted that ai 
can be measured from neutral current quantities, while we need information of 
charged current (e.g., the muon decay constant, G^, and the W boson mass) for the 
determination of the other oblique parameters (/3i ^ Ap/2, ag ^ — [//(IGvr)). 

We are now ready to discuss the e+e~ — *• W^W^ process. The corresponding 
amplitude can be written as 

M{e+e~ ^W+W-) =Ms + Mt, (14) 

with A4s being s-channel and t-channel amplitudes respectively. The 

s-channel amplitude can be written as (see Fig.|l|) 

Ms = eh^Q^Tll, + %r{h - slQ) ^ ] V%,. (15) 
-P^ ^ si -p^ + ^ 

The WWV vertices, T^*^ and F^*^, can be expressed in terms of the form factors^!: 

{q- q)t^9ap- fl 

+^f^e,app{q - q f. (16) 

" We take this less familiar renormalization scheme to simplify our calculation. It is also 
possible to take the standard renormalization scheme using (G^, (Xqedi Mz) as a set of input 
parameters. Jbr this case, however, the analogues of Eqs.(pl])-(p^) and Eqs.(p7[)-([20|) become more 
complicatedEj. 



^la(3 = fl*{q - q)l^9a(3 " /]"*(? " q)^PaPl3 + fz^PaQt^p - PpQi^a) 
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Figure 1: The s-channel amplitude Figure 2: The statistical errors of a.2 and 0:3 for Ax^ = 
of the e+e" W^W~ process. 4 at the future e+e^ collider with ^/s =500GeV and 

lOOOGeV. 



The form factors /g , /f , and depend on the chiral coefficients q;i^2,3,8,9,ii, 



f7* 
/3 


— /a SM + 


e\ , 

— f-ai + q;2 + as - «8 + Oig), 


(17) 


fZ* 
Jl 


= /f *SM + 


s c 


(18) 


fZ* 
J3 


= /3^*SM + 


2 2*^3+ 2(^1 "2) + 2(^3 as + Olg), 

sec s 


(19) 


fZ* 
J5 


— fi* SM + 


s c 


(20) 



while fi, /2 , /s' and do not receive non-decouphng effects from heavy parti- 
cles. The In Mh dependence cancels between //g^ and ctj. The remaining Mfj 
dependence in fg^,j is suppressed by l/Mjj. 

In a similar manner, the t-channel neutrino exchange amplitude is given by: 

with sw*it) being 

SwM = SwMsM + e^{cii + as). (22) 

We are now ready to evaluate the sensitivity limit to these chiral coefficients 
of the e^e~ — > W^W~ differential cross section. The angular distribution can be 
measured from the decay WW — > Iv, qq, which has a 28% branching fraction. We 
use the differential cross section in the range —0.8 < cos^ < 0.8. A detection 
efficiency of 50% is assumed for the decay WW lu, qq. 
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In the sensitivity limit calculation, we can neglect the SM loop contribution in 
the running of the form factors. We also neglect the uncertainty of the SM input 
parameters. As a set of input parameters of the SM we use {Mz = 91.19GeV, 
47r/e2(M|) = 128.72, sl{Ml) = 0.2305). 

Fig.^ shows the sensitivity (Ax^ = ~ xLin < 4) to the chiral coefficients 02,3 
as functions of the integrated luminosity of a future e~^e~ collider. When making 
the graph of Aa2 (Aas), we assumed that all chiral coefficients other than 02 (as) 
are zero. We discuss physical meaning of this sensitivity in the next section. 



4 A model of techni-p like resonance 

We next evaluate the size of the chiral coefficients 0:1,2,3,8,9,11 predicted in a techni-p 
like vector resonance model. For such a purpose we first construct a phenomeno- 
logical Lagrangian of the vector resonance. 

One of the most familiar chiral Lagrangian formulations of the vector resonance 
is the hidden local symmetry formalismll3. The usual phenomenological Lagrangian 
with hidden local symmetry contains two independent parameters, a and g. The 
techni-p like resonance has three independent observable quantities when it is on- 
shell (total decay width, fermionic decay width, and its mass). We thus need to 
generalize the hidden local symmetry Lagrangian: 

£ = vHiia^^al) + at;2tr(d^||dp - ^tT{V^,vn + ^ttT{V^,[a'i, «!]), (23) 

where stands for the techni-p resonance field. The Maurer-Cartan one forms d^_L 
and a^ii are defined by 



1 

a,, I = — 
^ 2i 



D,iL ■ d - D,iR ■ , a,\\ = ^ [d,^l ■ d + D,^R ■ ^r] , (24) 



with from U = dC,R. The covariant derivative is given by 



r3 



D^^L = d,^L - tV^^L - ^92iLW;-, D^U = d^U - tV^U - tgy^RB^-. (25) 

In addition to the usual parameters of the hidden local symmetry Lagrangian, 
a and g, we introduced one additional parameter, Z4, which parametrizes the non- 
minimal coupling of the vector resonance. We can show the equivalence of this 
formulation with the anti-symmetric tensor formulation.0 The relation to the BESS 
model will be clarified elsewheret9. 

The mass of the techni-p resonance is given by 

= g^av^. (26) 

In the QCD-like technicolor model, vector meson dominance and the KSRF relationS 
lead to the parameters 

a = 2, Zi = 0. (27) 
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We next consider the matching of the electroweak chiral Lagrangian of Eq.(^) 
with the phenomenological vector resonance model Eg . (^3|) . We assume that the 
tree level matching conditions can be applied at the scale of the techni-p resonance, 



al{fi = Mv) = al{fi = Mv) 



av Zi 
8Ml ^ 16' 



(28) 
(29) 



This assuniption is known to work well in the case of the low energy pion chiral 
LagrangianB. 

Subtracting the SM contribution of Eqs.(^)-(^ from Eqs.(28)-(p9D, we find 



av^ 1 
+ 



4M^ 



12(47r) 



av 



a2 = as 



11 (Mf 
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8Ml ' 16 24(47r)2 



dg = ag = ail = 0. 



^ + In I 1:1^ 

.6 Wh, 



(30) 

(31) 
(32) 



The logarithmic correction In(Mv') is due to the renormalization group evolution of 
the chiral coefficients below the mass of the techni-p resonance. 

Since the techni-p resonance contributes both to ai and to 0:2 = as, we need 
to calculate the limit contour in the ai-(a2 = as) plane. The limit contour for 
< 4 is shown in Fig.|] for ^/s = SOOGeV and an integrated 



A mm 



Ax' 

luminosity of J C = lOOfb ^ assuming Xmin corresponds to the SM with Mh = ITeV. 
In Fig.^ the techni-p contribution Eqs.(pOD-(pl|) for a QCD-like technicolor model 
a = 2, 2:4 = is also depicted. The limit of Fig.^ corresponds to My > 3TeV for the 

QCD-like techni-p resonance. We summarize in Fig.§ the sensitivity to the techni-p 
resonance for the generalized parameter space of the vector resonance model. 

So far we have considered non-decoupling effects and neglected the decoupling 
corrections. We need to be careful for the case of a light vector resonance, how- 
ever, since decoupling effects may play an important role. For such a purpose we 
calculate the form factors in the techni-p resonance model without making the mo- 
mentum expansion. Fig.^ shows the sensitivity limit calculated from these form 
factors including the decoupling corrections. We find that the decoupling effects 
are negligible over a wide range of parameters. 

We note that the uncertainties of the SM input parameters and the luminosity 
measurements are neglected in this talk. We should also combine our analysis with 
LEP/SLC precision measurements for a detailed study. The analysis with respect 
to these problems will be published elsewhere". 
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Figure 3: The statistical errors in the ai- 
(a2 = as) plane for Ax^ = 4 at a future e+e~ 
collider with yfs =500GeV and / £ = lOOfb"!. 
The techni-p contribution is also depicted for 
the QCD-like technicolor model. 



Figure 4: The vector resonance mass lower 
bound obtained from the electroweak chiral co- 
efficients. The region above the curves is ex- 
cluded. Constraints including the decoupling 
effects are also shown. 



5 Summary 

We have determined the sensitivity of the e+e^ W^W" at a future e^e~ hnear 
coUider to non-decoupHng effects (electroweak chiral coefficients). The renormal- 
ization scale independent electroweak chiral coefficients are defined by subtracting 
the SM contributions. The effect of one loop chiral logarithms can be taken into 
account in this definition of the chiral coefficients. A future e+e~ collider with 
^/s = SOOGeV, J C = lOOfb"^ can measure these chiral coefficients up to the statis- 
tical errors Aa2 0.01 and Acts ~ 0.005 for Ax^ — 4. 

The sensitivity to the techni-p like resonance can be extracted from this analysis. 
The estimated statistical error in the ai-(a2 = cts) plane corresponds to a sensitivity 
to a techni-p with a mass My — 3TeV for the QCD-like technicolor model assuming 
that the xLin corresponds to the SM with Mh = ITeV. The decoupling effects of 
the vector resonance are also investigated and found to be negligible over a wide 
range of parameters. 
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